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@ Vorrichtung zur Erfassung der Fullstandshohe in einem Ausgle'ichsbehalter 

Um den zusatzlichen nachtraglichen Verformungsauf- 
wand beim Einbau eines Magneten im Schwimmer einer 
Vonichtung zur Erfassung der Fullstandshohe in einem Aus- 
gleichsbehalter einer hydrautischen Bremsanlage zu elimi* 
nieren sieht die Erfindung vor, daB der Magnet (4) in einer 
radialen Aussparung (9) des Schwimmers (3) angeordnet ist, 
deren Seitenwande (37, 38) mit Haitemittein (35, 36) verse- 
hen sind, die den Magneten (4) in dessen Einbaulage sichern. 1 
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Patentanspruche 

1. Vorrichtung zur Erfassung der FQllstandshdne in 
einem Ausgleichsbehalter. insbcsondere in einer 
hydraulischen Bremsanlage von Kraflfahrzeugen. 
mil einem in den Ausgleichsbehalter hineinragen- 
den Fuhrungsrohr» langs dem ein Schwimmer ver- 
schiebbar angeordnet ist,der mindestens einen Ma- 
gneton aufweisu mit dem in einer bestimmien 
Schwimmerlage mindestens ein innerhalb des Fuh- 
rungsrohres angeordneter Reed-Schalter betatig- 
bar ist. der mittels elektrischer Leitungen. die aus 
dem Inneren des Fuhrungsrohres herausgefuhrt 
sind. an in einem Deckel angeordnele Steckverbin- 
derkontakte angeschlossen sind, dadurch gekenn* 
zeichnet, daB der Magnet (4) in einer radialen Aus- 
sparung (9) des Schwimmers (3) angeordnet ist. de- 
ren SeitenwSnde (37, 38) mit Haltemitlein (35, 36) 
versehen sind. die den Magneten (4) in dessen Ein- 
baulage sichern. 

2. Vorrichtung nach Anspruch 1, dadurch gekenn- 
zeichnet, daB die Haltemittei als elastisch verform- 
bare an den Seitenwanden (37, 38) der Aussparung 
(9) angef ormte RastvorsprQnge (35, 36) ausgebildet 
sind. 25 

3. Vorrichtung nach Anspruch 2, dadurch gekenn- 
zeichnet. daB die Rastvorspriinge (35, 36) in einem 
Abstand {a) voneinander angeordnet sind, der klei- 
ner ist als die Breite der Aussparung (9) bzw. der 
Durchmesser des Magneten (4). 30 

4. Vorrichtung nach einem der vorhergehenden 
Anspruche, dadurch gekennzeichnet, daB der 
Schwimmer (3) mit einer zweiten radialen Ausspa- 
rung (10) versehen ist, die gegenOber der Ausspa- 
rung (9) ausgebildet ist. 35 

5. Vorrichtung nach einem der AnsprQche 1 bis 4, 
dadurch gekennzeichnet, daB der Schwimmer (3) 
als geschaumtes Kunststoffteil ausgebildet ist. 

6. Vorrichtung nach einem der Anspruche I bis 4. 
dadurch gekennzeichnet, daB der Schwimmer (3) 40 
als Hohlkdrper ausgebildet ist. 

Beschreibung 

Die Erfindung betrifft eine Vorrichtung zur Erfassung 45 
der Fullstandshohe in einem Ausgleichsbehalter, inbe- 
sondere in einer hydraulischen Bremsanlage von Kraft- 
fahrzeugen, mit einem in den Ausgleichsbehalter hinein- 
ragenden Fuhrungsrohr. langs dem ein Schwimmer ver- 
schiebbar angeordnet ist, der mindestens einen Magne- 50 
ten aufweist. mit dem in einer bestimmten Schwimmer- 
lage mindestens ein innerhalb des Fuhrungsrohres an- 
geordneter Reed-Schalter betatigbar ist, der mittels 
elektrischer Leitungen, die aus dem Inneren des Fuh- 
rungsrohrs herausgefuhrt sind, an in einem Sieckerteil 55 
angeordnete Steckverbinderkontakte angeschlossen 
sind. 

Eine derartige Vorrichtung ist zum Beispiel im Zu- 
sammenhang mit einem Ausgleichsbehalter fur eine hy- 
draulische Bremsanlage in der alteren Anmeldung P 60 
35 24 281 der Anmelderin beschrieben worden. Weniger 
vorteilhaft anzusehen ist der fertigungstechnisch kom- 
plizierte Aufbau des die FOllstandshohe erfassenden 
Schwimmers. Der aus einem thermoplastischen Kunst- 
stoff ausgebildete Schwimmer weist mindestens eine in 65 
dessen Stirnflache ausgebildete axiale kreisformige Ver- 
tiefung auf, deren Durchmesser dem Durchmesser eines 
darin aufgenommenen ringformigen Permanentmagne- 
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ten entspricht Um den Permanentmagnetcn wahrend 
der Montage und des darauf folgenden Betriebs in sei- 
ner Einbaulage zu sichern, muB der AuBenrand der Ver- 
tiefung unter Erw^rmung des Schwimmers verstemmt 
5 werden. Durch die erwahnten Schritte werden die Her- 
stellungskosten des bekannten Ausgleichsbehalters er- 
heblich erhdht. 

Ausgehend von diesem Stand der Technik liegt der 
Erfindung die Aufgabe zugrunde. eine Vorrichtung zur 
10 Erfassung der Fullstandshohe der eingangs genannten 
Gattung dahingehend zu verbessern. daB mit einfachen 
Mittein eine wcsentliche Senkung deren Herstellungs- 
und Montagekosten erreicht wird, ohne daB die Funk- 
tionssicherheit der Vorrichtung fiber Gebuhr beetn- 
15 trachdgt wird. 

Diese Aufgabe wird erHndungsgemSB dadurch geldst, 
daB der Magnet in einer radialen Aussparung des 
Schwimmers angeordnet ist. deren Seitenwande mit 
Haitemittein versehen sind, die den Magneten in dessen 
20 Einbaulage sichern. 

Eine vorteilhafte Weiterbildung des Erfindungsge- 
genstandes besteht darin, daB die Haltemittei als ela- 
stisch verformbare. an den Seitenwanden der Ausspa- 
rung angeformte RastvorsprQnge ausgebildet sind. Die- 
se MaBnahme bietet einen besonders wirksamen ko- 
stengiinstig erzielbaren Schutz des Magneten gegen 
Herausfallen. 

Bei einer vorteilhaft en Ausfuhrungsform der Erfin- 
dung ist der Schwimmer mit einer zweiten radialen Aus- 
sparung versehen, die gegenuber der Aussparung aus- 
gebildet ist. So ist es in einer besonders einfachen Weise 
moglich, durch Gewichtsausgleich eine genaue horizon- 
tale Schwimmlage des Schwimmers zu erreichen. 

Weitere vorteilhafte Ausgestaltungen der Erfindung 
sind in den Unteranspruchen ofTenbart 

Die Erfmdung wird nachfolgend anhand eines Aus- 
fiihrungsbeispiels naher eriautert, das in der Zeichnung 
dargestellt isL 
Es zeigen: 

Fig. 1 eine Vorrichtung zur Erfassung der Fullstands- 
hohe in einem Ausgleichsbehalter im L^ngssdinitt, 

Fig. 2 einen Schnitt eines erfindungsgemaB aufgebau- 
ten Schwimmers in vergroBertem MaBstab und 

Fig. 3 einen Schnitt langs der Linie A-B des in Fig. 2 
dargestellten Schwimmers. 

Ein Ausgleichsbehalter 1 fur eine hydraulische Flus- 
sigkeit, vorzugsweise eine Brenisflussigkeit, ist bei- 
spielsweise an einem nicht dargestellten Hauptzylinder 
einer Fahrzeugbremsanlage befestigt Der Ausgleichs- 
behalter 1 ist mit einem in sein Inneres ragenden Fuh- 
rungsrohr 2 verbunden, das an seinem dem Behalterin- 
neren zugewandten Ende verschlossen ist. Langs des 
Fuhrungsrohres 2, das vorzugsweise einen kreisformi- 
gen Querschnitt hat, ist ein Schwimmer 3 verschiebbar 
angeordnet, der z.B. als Ring ausgebildet ist Der 
Schwimmer 3 tragt einen ringformigen Magneten 4. Ein 
vom Boden 5 des Ausgleichsbehalters 1 empor ragen- 
der, das Fiihrungsrohr 2 teilweise konzentrisch umge- 
bender Rohrstutzen 6 ist als Anschlag fur den Schwim- 
mer 3 vorgesehen. Dieser Anschlag legt die tiefste Stel- 
lung des Schwimmers 3 im Augsgleichsbehalter 1 fest 
und verhindert, daB der Schwimmer 3 das Fuhrungsrohr 
2 verlassen kann. 

Im Inneren des Fuhrungsrohrs 2 ist ein Trager 7, an 
dem ein Reedschalter 8 befestigt ist. Am Trager 7 ist 
eine Fahne 1 1 befestigt, die sich parallel zur Langsachse 
des Ffihrungsrohrs 2 erstreckt und in einen inneren 
Schlitz 13 eines Radialvorsprunges 14 des Fuhrungsroh- 
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res 2 hineinragt Das Fuhrungsrohr 2 ist mit mehreren 
an seiner Oberflache symmetrisch gegeneinander ver- 
setzt angeordneten Rippen 15 versehen.die den oberen 
Anschlag fur den Schwimmer 3 bilden. 

An seinem oberen Ende geht das FQhrungsrohr 2 in s 
einen Boden 16eines flachen Hohlraumes 17 Qber.des- 
sen Seitenwande 18 mit Wgnden 19 und 20 des Aus- 
gleichsbehalters 1 verbunden sind. Die Seitenwande 18 
uberragen die Wande 19, 20 des Ausgleichsbehalters 1 
um ein geringes Stuck und bilden mit ihren oberen Ran- lo 
dern 22 Anschlagflachen fur einen Deckel 23. der eine 
ebene Grundplatte 24 enthalt, von der ein Steckverbin- 
dergehause 25 empor ragt Das Steckverbindergehause 
25 ist mit einer Ausnehmung 26 versehen, in die ein 
Kontaktstift 27 oder Messerkontakt eines Sleckverbin- is 
ders hineinragt. der mit einem Ende in das Steckerver- 
bindergehause 25 gas- bzw. flQssigkeitsdicht eingesetzt 
ist. Das der Ausnehmung 26 enigegengesetzte Ende 28 
eines jeden von beispielsweise zwei Kontaktstiften 27 
ist mit dem Ende einer elektrischen Leitung 29 verbun- 20 
den. Die anderen Enden der elektrischen Leitungen 29 
sind an den Reed-Schaltem 8 angeschlossen. Diese Lei- 
tungen 29 konnen auch in einem Kabel angeordnet sein. 

In den Hohlraum 17 ragen zwei, die Wande auf einan- 
der gegenuberiiegenden Seiten des Schlitzes 13 ein 25 
Stuck fortsetzende Vorsprunge 30, die z.B. nicht hoher 
sind ais die Seitenwande 18. Die Fahne 11 erstreckt sich 
in dem Raum zwischen den Vorsprungen 30. Infi Steck- 
verbindergehause 25 ist in dem Qber den Vorsprungen 
30 liegenden Teil eine Ausnehmung 31 vorgesehen, in 30 
die das Ende der Fahne 11 und ggf. die Vorsprunge 30 
hineinragen konnen, wenn der Deckel 23 den Hohlraum 
17 verschlieBL Der Ausgleichsbehalter 1 besteht aus 
einem oberen Teil 32 und einem unteren Teil 33, die an 
ihren Randcrn 34 miteinander verschweiBt sind. 35 

Wie den Fig. 2 und 3 zu entnehmen ist, weist der 
Schwimmer 3 eine axiale zentrale Bohrung 21 sowie 
eine erste radiale Aussparung 9 auf, die der Aufnahme 
des ringformigen Magneten 4 dient. Die gegenuberiie- 
genden Seitenwande 37, 38 der Aussparung 9 sind mit 40 
Rastvorsprungen 35, 36 versehen, deren Abstand 3 klei- 
ner ist ais die Breite der Aussparung 9 bzw. der Durch- 
messer des Magneten 4. Bei der Montage des Magneten 
4 bzw. dessen Einschieben in die Aussparung 9 wcrden 
in die Rastvorsprunge 35, 36 elastisch verformt bzw. 45 
auseinandergedriickt und kehren dann in ihre ursprung- 
iiche Lage zuruck. wodurch der eingebaute Magnet 4 
formschlussig umgriffen und gegen Herausfallen gesi- 
chert wird. SchlieBIich weist der Schwimmer 3 eine der 
ersten Aussparung 9 gegenuberliegend angeordnete 50 
zweite Aussparung 10 auf, durch die der im Zusammen- 
hang mit der ersten Aussparung 9 entstandene Ge- 
wichtsverlust kompensiert wird. Die MaBnahme ge- 
wahrleistet eine genau waagcrechte Schwimmlage des 
Schwimmers 3 in Betrieb der erfrndungsgemiBen Vor- 55 
richtung. 

Bezugszeichenliste: 

1 Ausgleichsbehalter 60 

2 Fuhrungsrohr 

3 Schwimmer 

4 Magnet 

5 Boden 

6 Rohrstutzen 65 

7 Trager 

8 Reed-Schalter 

9 Aussparung 


10 zweite Aussparung 

11 Fahne 

12 Zwischenstuck 

13 Schlitz 

14 Vorsprung 

15 Rippe 

16 Boden 

17 Hohlraum 

18 Seitenwand 

19 Wand 

20 Wand 

21 Bohrung 

22 Rand 

23 Deckel 

24 Grundplatte 

25 Steckverbindergehause 

26 Ausnehmung 

27 Kontaktstift 

28 Ende 

29 Leitung 

30 Vorsprung 

31 Ausnehmung 

32 Teil 

33 Teil 

34 Rand 

35 Rastvorsprung 

36 Rastvorsprung 

37 Seitenwand 

38 Seitenwand 
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IMPROVED LBAK DETECTOR FLOAT SYSTEM 

BACKGROUND OF THE INVENTION 
Field of the Invention - 

The present invention pertains to a float system 
for detecting leaks in storage tanks and, in 
particular, a float system minimizing the effects of 
surface tension for detecting leaks in underground 
tanks that store hydrocarbon products with high 
precision. 

2 . Statement of the Problem - 

In U.S. Patent 4,850,223 the inventor set forth 
a novel system for detecting, collecting and 
processing data regarding the leakage rate of 
underground storage tanks. As set forth in this 
patent, it is necessary that the leak detection 
apparatus for an underground storage tank be extremely 
sensitive so that it can detect leaks in the range of 
0.02 gallons per hour or less. The sensitivity of 
this measurement becomes further complicated since it 
is extremely difficult to detect the loss (or gain) of 
0.02 gallons of fluid per hour in an underground 
storage tank capable of storing 10,000 gallons or more 
such as is commonly found in gas stations. For 
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example, in a nine foot diameter tank twenty-one feet 
long which is half full, the removal of one gallon of 
gasoline lowers the fluid level 0.00629 inches. The 
loss of 0.02 gallons per hour would cause a fluid 
level drop of 0.0001257 inches or 125.7 micro inches 
per hour. It is difficult to measure changes in fluid 
level of this magnitude due to the cross-sectional 
area of the surface being about 27,000 square inches. 
At 95 percent full, which is the ideal level for 
testing tanks volumetrically, the cross-sectional area 
is still very large being about 16,000 square inches, 
in order to measure accurately such a change in fluid 
level, various factors such as temperature, vibration, 
etc. must be taken into account or, hopefully, 
minimized. A need exists to increase the sensitivity 
of this leak detection by about 100 percent to a level 
capability of 50 microinches. 

A problem exists with respect to the interaction 
between the float and the fluid. In U.S. Patent 
4,850,223, an elongated cylindrical float was 
utilized. Three wheels were attached to the upper end 
of the float and three wheels were attached to the 
lower end of the float so as to allow the float to 
ride within a tubular probe. A need exists to 
eliminate the use of wheels which contact the interior 
of the tubular probe and, furthermore, a need exists 
to minimize or significantly reduce the effect of 
surface tension between the fluid and the float. The 
overall problem to be satisfied, therefore, is to 
provide a float that provides greater precision in 
detecting the true level of the fluid in the tank. 

A need exists to provide a float design which 
floats within the tube without touching the tube and 
one that inherently minimizes the surface tension 


between the float and the fluid. Furthermore, a need 
exists to insure that the float will always be in its 
true buoyancy position based upon the specific 
gravities of the float and the fluid without any 
change in the true buoyancy position due to surface 
tension. The effect of surface tension becomes more 
important when the level of fuel changes. The 
dropping (or rising) of fuel due to a leak in the tank 
may actually not be detected in the short time 
interval due to the float maintaining its position due 
to residual surface tension or due to the float 
reorienting into an exaggerated position also due to 
surface tension. Hence, a need exists to insure that 
the float will always assume a true buoyancy position 
with respect to surface tension and the level of the 
fluid before obtaining a level reading. 

3. Solution to the Problem - 

The present invention provides a solution to the 
above problem and directly satisfies each of the needs 
set forth with respect to the problem. First, the 
float is designed to float within the tube without 
touching the inner surfaces of the tube. Second, the 
float of the present invention utilizes a geometric 
design having a plurality of different tapered 
surfaces to minimize and to substantially reduce the 
effects of surface tension between the float and the 
fluid. Finally, the float of the present invention is 
vibrated just before a level reading is obtained in 
order to allow the float to assume the true buoyancy 
position with respect to the fluid before a level 
reading is obtained. 
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An improved leak detection float system for use 
in underground storage tank containing fuel wherein 
tHe float system utilizes an elongated hollow test 
5 probe extending downwardly into an underground storage 
tank and into the fuel stored therein. A 
microprocessor is contained in an upper compartment of 
the test probe along with control electronics. A rod 
is centrally affixed in the lower portion of the test 
10 probe and a float is disposed around the rod, but 
within the test probe so as to float on the surface of 
the fuel without touching the inner surfaces of the 
tube and minimizing contact with the rod. An 
excitation transducer is placed above the float on the 
15 rod which produces vibrational waves down the rod 
having a predetermined frequency, power, and duration. 
The vibrational wave breaks the surface tension 
existing between the float and the fuel so that the 
float can obtain a position within the fluid based 
20 upon the buoyancy of the float in the fluid. The 
breaking of the surface tension by vibrational waves 
substantially minimizes any offset between the float 
and the fluid caused by surface tension. A true 
reading of the fluid's level can then be 

25 obtained. 

A transducer sensor is also provided above the 
excitation transducer for measuring the resultant 
signal's power, frequency and duration of the 
vibrational wave on the rod. The measured signals are 
delivered back into the microprocessor as feedback so 
that the microprocessor can determine resonance. When 
resonance is achieved, the amount of energy required 
to produce the vibrational signal is minimized whxch 


30 
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is importanl: since the electronics and the transducers 
are battery operated. 

The float of the present invention is designed to 
have a plurality of angled sides so as to minimize 
5 surface tension between the outer body of the float 
and the fuel and the inner body of the float and the 
fuel. A centering plate is also utilized in an 
annular region of the float so as to center the float 
over the rod and to keep the surfaces of the float 
10 from touching the tube and to minimize contact with 
the rod. 
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r>T!«(;RTPTTnK OF TPT! DRAWING 

FIGURE 1 sets forth the overall components of the 
float system of the present invention; 

FIGURE 2 is a top planar view of the float of the 

present invention; 

FIGURE 3 is a cross-sectional view of the float 

of Figure 2; a. i 

FIGURE 4 is a partial side planar/cross-sectxonal 

view of the float of Figure 2; 

FIGURE 5 is a top planar view of the centering 
plate of the present invention; 

FIGURE 6 is a top perspective view of the 
excitation transducer of the present invention; 

FIGURE 7 is a bottom perspective view of the 
excitation transducer shown in Figure 6; 

FIGURE 8 is a cross-sectional . view of the 
feedback sensor of the present invention; 

FIGURE 9 is a bloclc diagram of the electronics of 
the present invention; ^ 

FIGURE 10 is a flow diagram setting forth the 
operation of the present invention; 

FIGURE 11 is an illustration showing reduction 
due to the effect of surface tension in the 
positioning of the float in the system of the present 

25 invention; 

FIGURE 12 illustrates the square wave analog 

vibration signal; 

FIGURE 13 illustrates an alternate embodiment of 
the float system of the present invention utilizing a 
guide tube with the float disposed therein; 

FIGURE 14 sets forth an alternate embodiment for 
the float wherein the float of the present invention 
is formed without a central annular region; 
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FIGURE 15 is an alternate embodiment of the float 
system of the present invention wherein the float is 
disposed only around a rod without the use of a test 
probe ; and 

5 FIGURE 16 is an alternate embodiment of the float 

used in Figure 15 having a hollow interior. 
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PETAII.ED SPECIFTCATION 


1 . EnV ^ TOTinient - 

In Figvire 1, the environment for the present 
invention is shown. A storage tank 10 is shown 
containing a fluid 20 such as gasoline. An elongated 
hollow test probe assembly 30 is inserted to extend 
downwardly into the underground fuel storage tank 10 
as conventionally mentioned in the aforesaid patent. 
The fluid has obtained a certain level 22 in the tank 
and the tank 10 may have a leak 24 which causes flow 
into or out from the tank 10. The leak 24 over time 
would cause the level 22 to raise or lower 
according ly . 

The test probe 30 is hollow and contains a 
centrally disposed rod 40 affixed 34 to a support 32. 
Disposed on a lower portion 42 of the rod 40 is the 
float 100 of the present invention which floats 
upwardly or downwardly in the direction of arrow 102 
dependent upon the level 22- Also disposed on an 
upper portion 44 of the rod 40 is an excitation 
transducer 50 which functions to impart vibrations in 
the direction of arrow 52 to the rod 40 and to the 
gaseous medium 55 around the rod. These vibrations 
travel as vibrational waves 54 downwardly in the 
25 direction of arrow 102 to the float 100 and the 
measurement area 23 there around and upwardly as 
vibrational waves 56. The vibrational waves 54 and 56 
have a given power, frequency, and duration and 
travels at the speed of sound. 

Disposed above the excitation transducer 50 on 
the upper portion 44 of the rod 40 is an excitation 
feedback sensor 60 which functions to sense the 
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presence of the upwardly traveling waves 56. 
Electrical wires 58 are interconnected with the 
excitation transducer 50 and electrical wires 62 are 
connected to the excitation feedback sensor 60. 
5 Disposed in an upper compartment 4 6 of the test 

probe 30, as taught in the aforesaid above patent, is 
a sealed and secured set of electronics comprising a 
microprocessor 70 and control electronics 80. The 
control electronics 80 interconnects over leads 8 2 

10 through connector 84 to wires 58 to transducer 50 and 
over wir^s 82 through connector 88 to 62 to sensor 60. 
Hence > the control electronics 80 delivers and 
receives electrical analog vibration signals to the 
excitation transducer 50 and to the excitation 

15 feedback sensor 60. Microprocessor 70 and the control 
electronics 80 are fully contained within compartment 
46 of the test probe 30 as in the aforesaid patent. 
The microprocessor 70 over a communication path 72 
delivers and receives digital vibration signals from 

2 0 the control electronics and it further commiinicates 

over path 74 with a field processor 90 to receive 
programming instructions and to upload acquired test 
data. Field computer 90 is selectively connected to 
probe 3 0 only during upload operations. The probe 3 0 
25 operates under control of microprocessor 7 0 during 
gathering of test data. The details of the 
compartment and the delivery of the wires 82 and 8 6 
are not necessary to the teachings of the present 
invention. The rod 40, transducer 50, and float 100, 

3 0 in the preferred embodiment form part of the level 

measurement system which is based upon a 
magnetostrictive linear displacement transducer of the 
type manufactured by Balluff Inc. , 8125 Holton Drive, 
Florence, Kentucky 41042 as the SERIES BTL-P® liner 
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15 


displacement transducer or by MTS Systems Corp., • 
Research Triangle Park, North Carolina 27709 as 
TEMPSONICS II* linear displacement transducer. 

AS will be explained in the following, the design 
of the float 100 is critical in reducing or minimizing 
surface tension interactions with the fluid 20 and 
secondarily, the utilization of vibrational waves 54 
to vibrate the rod 40 and float 100 just prior to a 
level reading is important to insure that the float 
100 buoyancy with respect to the level 22 of the fluid 
20 is not affected by surface tension. 

It is to be expressly understood that the system 
shown in Figure l is adapted to improve upon the 
contained fuel tank level detection system of the 
aforesaid patent. However, the present invention has 
application in any measurement system using a float 
where it is desired to substantially eliminate offset . 
errors due to surface tension between the float and 
the fluid. 

20 »- FlQi it 100 - 

The float 100 of the present invention is 
detailed in Figures 2 through 5. In Figure 2, a top 
planar view of the float of the present invention is 
shown. The float 100 includes a float body 200, 
positioning, inserts 210, magnets 220, and a centering 

plate 230. . 

AS shown in Figure 3, the float body 200 xn the 
shape of an outer support ring can be manufactured 
from wood (such as balsa wood) a suitable plastic or 
foam material, or formed from hollow shells such as 
formed plastic. The float body 200 has a first inner 
square cavity 24 0 and formed recesses 242 which are 
receptive of centering plate 230 and inserts 210. 


25 


30 


wo 93/03343 


PCr/US92/04713 


- 11 

Beneath square cavity 240 is a second formed square 
cavity 250 which has inwardly tapering sides 252 and 
formed circular receptacles 243 which hold magnets 
220. The float body 200 has its upper regions 
5 designed to minimize the surface tension between it 
and the fluid in which it is disposed. The lower 
regions are designed to move easily in the fluid. 
This will be discussed siibsequently . 

As shown in Figures 2 and 3, four magnets 220 are 

10 press-fittingly inserted into the formed circular 
receptacles 243 in the center of each side 252 of the 
formed square opening 250. These magnets are used in 
the float 100 as part of a linear displacement 
transducer level measuring system. The magnets could 

15 be of circular or square cross-section depending upon 
the design of the implementation. In the preferred 
embodiment, the magnets 220 are of circular cross*- 
section and are 1500 Gauss. The magnets 220 could 
have either its North pole directed inwardly or its 

20 South pole depending on the design implementation. 
While the preferred embodiment places the magnets 220 
in the center of each wall 252, it is to be expressly 
understood that the magnets 220 could be placed at any 
position provided they are equally spaced from each 

25 other. For example, the magnets 2 20 could be located 
at the corners 206 of the float body 200. In the 
preferred embodiment, the body 2 00 has an outer 
dimension 224 of 1.125 inches and an inner dimension 
226 of 0.750 inchjes for the formed square 240. The 

30 height of the float is 228 of 0.500 inches. The 
height 229 of the formed square opening is 0.3125 
inches . 

A centering plate 23 0, as shown in Figures 2, 3, 
and 5 press-fits into the square cavity 240 and abuts 
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ttxe bottom 244 of the cavity 240. In the preferred, 
e^odiment, the centering plate 230 is made from 
aluminum and is formed to have four centering apexes 
232 which in the preferred embodiment and as shown xn 
Figure 2, is centered over each of the magnets 220. 
The centering plate can be made from any suitable 
.material. In the preferred embodiment, the centering 
plate 230 is 0.020 inches thick and is constructed 
according to the details shown in Figure 5. 

in Figure 5, four half circles 500 are formed 
within the plate 230 so as to create the apexes 232 
in the preferred embodiment, a circle 510 -^-^^-^ t^e 
apexes 232 has a diameter of 0.46 inches. 
of the present invention has a diameter of 0.375 
inches and, therefore, easily fits within the openxng 
520 of the plate 230. Each half circle 500 has a 
diameter of any suitable value provided that xt xs 
less than the diameter of the rod 40 and provxded that 
the four separate apex points 232 as shown xn Fxgure 
5 are formed. Each half circle 500 is truly a half 

''''''''''Is Shown in Figure 5, the centering plate 230 in 
the float 100 may abut the rod 40 at two of the four 
apexes 232. It could abut any combination of two 
adjacent apexes 232. Three advantages are obtaxned 
First, the apexes insure that the inner surfaces of 
the float are maintained a predetermined distance away 
from the rod so as to minimize surface tension between 
both the rod 40 and float 100 and with the surface 22 
of the fluid 20. secondly, and as noted in Figure 5, 
at the point of contact 530 with an apex 232, the 
fluid surface 22 between the rod 40 and' the tapered 
inner wall 214 of insert 210 is prevented from 
becoming too small which would enhance the effect of 


surface tension. The centering plate 230 is 
positioned within the body of the float so as to be 
below the fluid level 22 and it functions to prevent 
the float 100. from being trapped in surface tension. 
This enables the surface tension between the fluid and 
surfaces 9 2 and 214 to be easily broken. Third, the 
rod 4 0 prevents the float from contacting the inner 
surfaces of the tube 30. Thus, apexes 232 acts as 
means to limit the float becoming within close 
proximity to any other surfaces, such as the vertical 
surfaces of the inner wall of probe 3 0 or outer 
surface of rod 4 0, which do not have the added benefit 
of angularized design as is the body 200 of the float 
100. 

The diameter of the half circle 500 in the 
preferred embodiment is 0.3245 inches. It is to be 
expressly understood that the centering plate 230 of 
the present invention could have any suitable 
dimension according to the teachings of the present 
invention. Furthermore, while half circles 500 are 
used, it is to be understood that other geometric 
shapes could also be used. For example, the apexes 
could be triangular in shape or simply cylindrical 
posts • 

As shown in Figure 3, positioning inserts 210 are 
provided to firmly hold the centering plate 23 0 in 
position within the float body 200. In the preferred 
embodiment, four positioning inserts 210 are utilized 
and can either be glued to the inner surface 242 of 
the formed squared opening 240 or they may be press- 
fit. As shown in Figure 3, each insert has a linear 
side 212 with an opposing tapered side 214. The 
tapering side 214 provides a tapered surface to the 
inside of the float 200 - again to minimize surface 
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tension. , 

It is to be expressly understood that whxle a 

square shaped float is shown, that the teachings of 

the present invention are independent of the geometrxc 

5 shape of the float 100 and that a circular fl^^t or 

a hexagonal float (or any regular polygon) , could also 

be similarly formed. ^ ^ ^ 

Furthermore, it is to be expressly understood 
that while a float 100 composed of different separate 
10 components such as a float body 200, four positioning 
inserts 210, and a separate centering plate 230, that 
the entire float could be formed in plastic from one 
or more molds. The magnets 220, however, would stxll 
be inserted into corresponding formed receptacles 243 
^5 or holders. In Figures 14 and 16, alternate 
embodiments of the float 100 of the present .nventxon 
are shown, m Figure 14 , the float 100 does not have 
irmer cavity form annular regions 240 and 250 and has 
a flat upper surface 1400 and a flat bottom surface 
20 1410. Ih Figure 16, the float 100 is formed entxrely 
of plastic so as to have a hollow center 1600. In 
such an arrangement, the top portion having -^-^02 
can be formed in one plastic piece with the bottom 
having sides 204 form a second plastic piece. The two 
25 halves are then connected together at seam 1610 In 
this embodiment, the plate 230 is also formed wxth one 
of the two halves. Depending upon the type of 
measuring technology, magnets may or may not be used 
with the floats of Figures 14 and 16. 

in Figure 4, the body 200 of the float 100 xs 
detailed. Body 200 has a number of different tapered 
outer surfaces: an upper tapered outer surface 202, a 
lower outer tapered surface 204, and a corner surface 
206 Which is not tapered. Figure 4 also shows the 
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inner tapered surfaces 214 on the inserts 210 and 252 
of the lower formed opening 250. All surfaces both 
outward and inward are tapered except the corners 206. 

The float 100 of the present invention is 
designed so that the point of greatest outward 
dimension 4 00 is below the fluid that the float is 
disposed in. For example, if the float 100 were 
placed in water, the water line would be typically at 
402; if placed in diesel, the line would be 404; and 
if placed in gasoline, the gasoline would be at line 
406. The precise location of course depends on the 
specific gravity of the float in relation to the 
specific gravity of the fluid which causes the 
buoyancy position to change. 

Lines 402, 404, and 406 represent the natural 
buoyancy level of the float 100 to the fluid without 
any offsets due to surface tension. The object of 
this invention is always position the float 100 so 
that it is at its natural buoyancy level before a 
fluid level reading is taken. This is accomplished, 
in part, by the float 100 having tapering edges to 
minimize surface tension and, in part, by the 
vibration of the float before reading the fluid level . 

Since the intended application is either in 
gasoline or diesel, it is apparent that when the float 
100 is placed in those fluids, and as shown in Figure 
4 , the inner and outer tapered surfaces of the float 
are important with respect to minimizing surface 
tension. In the preferred embodiment, the angle 410 
of the outer surface 202 is 27**. The angle 412 of the 
lower surface 2 04 is 18*. Angles 215 and 217 are 12' 
and 15** respectively. Angles 410 and 215 are selected 
for their ability to engage surface 22 so as to 
minimize surface tension. Angles 412 and 217 
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compliment this design in giving the float 100 ease of 
movement through the fluid. The cut surface 206 
functions to provide the largest possible float sxze 
to be contained in the round tube 30. It is to be 
expressly understood that these are preferred angles 
and that other angles could also be used under the 
teachings of the present invention. 

in conclusion, all of the inner and outer 
surfaces of the float are tapered except the comers 
so as to minimize surface tension. As will be 
explained subsequently, when the float 100 is 
vibrated, the float 100 buoys itself to the correct 
level of the fluid in which it is immersed (x.e., 

level 404 for diesel) . 

The float set forth in Figures 2-5 is designed to 
reduce the amount of surface tension not only between 
the rod but also between the tube. The float 100 can 
be made of any suitable material and can be square, 
circular, or of any regular polygon shape. While the 
dimensions of the present invention are preferred and 
were experimentally obtained so as to minimize the 
surface tension with the rod and the tube, other 
suitable dimensions could also be utilized. 

The float 100, in the preferred embodiment, uses 
25 a set of magnets 220 as part of a non-contact, 
magnetostrictive linear displacement transducer to 
measure the position of the float in the fluid. It xs 
to be expressly understood that the float of the 
present invention is not to be limited xn xts 
teachings by the presence of magnets 220. For 
example, the magnets are not needed when a laser 
measurement system uses a beam of laser light to 
strike the upper surface of the float. The use of a 
laser beam represents an alternative approach to the 
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measurement of the position of the float which would 
provide higher resolution to a magnetostrictive 
approach . 

In Figures 13 and 15, two alternate embodiments 
5 of the float system of the present invention are 
shown. In Figure 13, the float 100 is disposed within 
the interior of the probe or hollow tube 30. In this 
embodiment, the tube 30 acts as a guide for the float 
100 to contain the float in the fluid 20* A laser 

10 beam 13 00 is directed after vibration onto the upper 
surface 1400 of the float and the reflected laser becim 
1310 is received so as to measure the position of the 
float 100. A laser beam 1300 and reflected laser beam 
1310 are exaggerated in this illustration for purposes 

15 of discussion. The excitation transducer 50 produces 
vibrational waves 55 to vibrate the float 100 in the 
contained area within the guide and the fluid surface 
22 so as to break surface tension as will be more 
fully discussed subsequently. In Figure 15, the float 

20 100 is simply disposed over the rod 40 which also 
contains the float in the fluid. An outer tube 30 is 
not utilized. Again, the float is positioned on 
surface 22 of the fluid 20 and the transducer 50 
produces vibrational waves 55 so as to eliminate 

25 surface tension offset error in the area 23 of 
containment. Again, a laser beam 1300 is directed 
after vibration onto the upper surface of the float 
100 and reflected 1310 so as to provide a level 
measurement. According to the teachings of the 

3 0 present invention, the embodiments of Figure 1, 13, 
and 15 provide an approach wherein the float 100 is 
contained in a region where vibrational waves can be 
applied so as to break surface tension in the 
measurement area 23 and substantially minimize offset 
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error. In Figure 1, the rod 40 and the tube 30 
cooperate to confine the float 100 in a region where 
the vibrational waves are directed, in Figure 13., only 
the tube 30 is utilized to provide the containment, 
and in Figure 15, only the rod 40 is used to provide 
the containment. 

^. EXC-i Nation TT-ansdUCer 50 - 

in Figures 6 and 7, the excitation transducer 50 
is shown. in Figure 6, a frame 600 supports the 
vibrator disk 630. The back surface 612 of the frame 
6O0 has affixed thereto a clip 620. The clip 620 xs 
capable of firmly gripping the rod 40. A weight 610 
is mounted to the circular vibrator 63 0 which is also 
capable of moving in the direction of arrow 52. As 
previously discussed, the excitation transducer 50 is 
of an electromagnetic design which is modified, under 
the teachings of the present invention, to vibrate the 
rod 40. Modification includes the addition of the 
clip 620 which is affixed (for example by means of 
gluing 614) to the back surface 612 of the frame. The 
glue 614 is designed to be impervious to the fuel 20. 
K weight 610 is also glued to circular vibrator disk 
630 to provide greater inertia for vibration of the 
rod Attached to the front side of frame 600 at its 
circumference, is vibrator disk 630. The vibrator 
disk 630 (with the weight 610) is the only thing that 
moves When the excitation wave form 1200 is applied. 
The other components (620, 600) are firmly attached to 
rod 40. The resultant vibrational waves 54 and 56 are 
exclusively due to the "freedom" of motion 52 of disk 


630 


It is to be expressly understood that while a 
electromagnetic transducer is shown in Figures 6 and 
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1 , that any suitable device for vibrating the rod 40 
as set forth in Figure 1 could be utilized under the 
teachings of the present invention and the present 
invention is not to be limited by the specific 
5 embodiment utilized. The object of the present 
invention is to provide vibrational waves 54 and 56 
down and up the rod 40. The downwardly directed 
vibrational wave 54 breaks the surface tension between 
the float 100 and the surface 22 of the fluid 20. 
10 This will be discussed in greater detail subsequently. 

The entire transducer 50 can be encapsulated in 
a material such as f luorocarbonsilicon which is 
flexible enough to permit vibration. 

4> Excitation Feedback Sensor 60 - 

15 In Figure 8, the excitation feedback sensor 60 is 

detailed. The Kynar (TM) piezoelectric film. Model 
No. DT1-028K is applied as the manufacturer, Pennwalt 
Corporation, Piezo Film Sensor Division, Valley Forge, 
Pennsylvania recommends. In the preferred eiobodiment, 

2 0 around the outer surface of rod 40 is a layer of 
insulation 805. Next is placed the piezoelectric 
assembly 800, and a second layer of insulation 810 is 
applied. The entire assembly is epoxied within a 
protective layer 820 and finally a jacket of shrink 

25 tubing 83 0 makes an outer skin which allows for a 
clean installation. The assembly 800 is comprised of 
the Kynar piezo film element 840 which has a negative 
lead 850 attached to it on one side and a positive 
lead 860 attached to it on the other side. Leads 850 

30 and 860 comprise the wire 62 in Figure 1. A layer of 
insulation 870 is applied to the positive potential 
side of the piezo film 840 as shown in Figure 8. A 
jacket of aluminum foil 880 completely surrounds the 
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piezo film (making contact on the negative potential 
side) and insulation to complete the assembly 800. 
The purpose of the aluminum foil 880 is to provide 
shielding to reduce spurious noise to the piezo film 
5 element 840. The insulation could be of any material, 
for example cellophane tape, and as is the aluminum 
foil and shrink tubing are all conventionally 
available from many sources. 

Contr'^T Blefst T-onlea 80 - 

In Figure 9, the block diagram showing the 
control electronics 80 is set forth. Control 
electronics 8 0 includes an analog to digital (A/D) 
converter 900 interconnected to an amplifier 910 which 
in turn receives signals from an input buffer 920. 
15 The control electronics 80 also includes a digital to 
analog (D/A) converter 930 interconnected with an 
amplifier 940 and an output drive 950 as shown in 
Figure 9. The control electronics 80 is 

interconnected to the microprocessor 70 over bus 72. 
20 in a driving mode of operation, the 

microprocessor 70 configures a vibrational wave form 
having a predetermined frequency, power and duration. 
This is shown in Figure 12 as a square wave 1200. The 
square wave 1200 has a given power P, a given 
25 frequency Hz, and a duration T. While the present 
invention utilizes a square wave as shown in Figure 
12, it is to be expressly understood that any suitable 
wave shape could be utilized under the teachings of 
the present invention and that the present invention 
30 is not to be limited to the use of square waves. 

As will be discussed in the operation of the 
present invention, the power P, the duration T, and 
the frequency Hz, can be selectively varied by the 
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microprocessor 70. Such variations can be 

individually performed (such as varying only the 
power) or all three parameters can be varied at the 
same time. Digital signal values corresponding to the 
5 power P and frequency Hz are delivered over bus 72 to 
the D/A converter 9 30 where the circuit 930 converts 
the digital signals into corresponding analog 
vibrational signals on lead 932. These analog 
vibrational signals are amplified by amplifier 940 and 
10 delivered onto leads 942. The output drive circuit 
950 then delivers the amplified signals onto line 82 
for delivery into the excitation transducer 50 which 
converts the analog vibrational signals into waves 54 
and 56. 

15 The present invention utilizes frequencies in the 

range of 1 to 999 Hz, a duration of 1 to 9999 
milliseconds and a power between 1 to 100 percent. In 
the preferred embodiment, the variables are set to 200 
Hz, 3 000 milliseconds, and 50 percent power. It is to 

20 be understood that frequencies higher than 999 Hz 
could be used under the teachings of the present 
invention. Furthermore, the frequency, amplitude, and 
duration do not need to be constant- For example, the 
frequency could be varied from 100 Hz to 2 00 Hz over 

25 the 3000 millisecond duration or the power could be 
varied from 25 percent to 50 percent or both frequency 
and power could be varied. 

The sensor 60 senses the vibrational waves 56 and 
converts it into analog vibrational signals for 

3 0 delivery onto leads 86 which are received by the input 
buffer circuit 92 0 for delivery of the received analog 
vibrational signals onto line 922. The amplifier 910 
amplifies these signals and delivers the amplified 
analog signals onto line 912 for delivery into the A/D 
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converter 900 which digitizes the analog signal for 
delivery into the microprocessor 70. 

It is to be expressly understood that the 
individual components set forth in Figure 9 for the 

5 control electronics 80 are of conventional design and 
represent a preferred embodiment. Other suitable 
designs could be utilized under the teachings of the 
present invention for conversion of digital signals 
into corresponding analog signals and vice versa. 

10 Also, digital signals of frequency "Hz" may be 
delivered directly to transducer 50 for a gxven 
duration «T" with no consideration for varying power 
HP n in this case, the use of A/D and D/A converters 
would be eliminated so as to reduce the cost of 

15 implementation . 

T..-B>gxtatio " - geedbarfr Operation - 
in Figure 10, the operation of the present 
invention is set forth in the illustrated flow chart 
which is representative of software contained wxthxn 
20 the microprocessor 70. 

upon start-up, the system is initialized in stage 
1000 and the power, duration, and frequency of the 
vibrational wave 54 is set in stages 1002, 1004, and 
1006. The optimum run sequence is then entered xn 
25 stage 1010. In this stage, the microprocessor 70 
delivers digital vibrational signals to the control 
electronics 80 over lines 72. These digxtal 
vibrational signals are converted into correspondxng 
analog vibrational signals which are delivered over 
30 lines 82 and 58 into the excitation transducer 50 
which then functions to produce the vibrational wave 
54 and 56. This vibrational wave has a predetermxned 
power as set in stage 1002, has a predetermxned 


frequency as set in st:age 1006, and is of a 
predetermined duration as set in stage 1004. 

The system then enters stage 1020 which activates 
the feedback sensor 60. In stage 1022, the sensed 
analog values of the vibrational wave 56 are delivered 
over lines 62 and 8 6 into the control electronics and 
are converted from an analog signal into a 
corresponding digital signal • In stage 1024 the 
microprocessor stores the sensed effect of the setting 
of power, duration, and frequency as manifested as the 
vibrational wave 56. 

In stage 102 6, a decision is made as to whether 
or not a predetermined count has occurred. Upon 
start-up the count in stage 1026 is equal to zero. 
Hence, stage 103 0 is entered wherein the value of the 
power, duration, and frequency are changed by a fixed 
percentage (i.e., n percentage). Stages 1002, 1004 
and 1006 modify the value of power, duration and 
frequency and change it by n percent (i.e., either 
increase or decrease) . Stage 1010 is then entered 
again and the feedback values are measured and stored 
by the microprocessor. In the preferred embodiment, 
this occurs five separate times (i.e., count = 5) and 
the microprocessor stores five separate feedback 
values. It is to be understood that any predetermined 
amount for the count could be used. 

Stage 1040 is then entered which compares and 
evaluates the five separate stored feedback values 
with the set values so as to make a determination as 
to which setting in stages 1002, 1004, and 1006 brings 
the feedback values closest to resonance. Resonance 
is important under the teachings of the present 
invention so as to minimize the energy required to 
vibrate the rod 40. In the underground storage tank 
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enviro^ent, the microprocessor ^^^^^ 

the rod 40 by seeking a resonance point. 

' Toltinled se^Lin, through the count feedhack locp 
rriscussea above provides a softv«re .echan.sB for 
dLer^ning an cpti»» value for power, duration^ and 
freguency which ninimi^s the energy required to 

,0 vi:«te the rod 40 and thus nost efficiently operates 

TZ'^ - expressly understood that a nu^e, of 
variations on the ahove discussed operation could be 
variations „ithin the teachings of 

nade which would stxll fail wi ^ » . „„ the 

« ^e present invention which concentrates on the 
X5 ^ne fr-iQat 100 SO as to 

importance of vibrating the float 10 

minimize the effects of surface J'"^; 
optimization loop based upon the count coOld be 

"liminated for rXlT----:^ ff 

30 — ry ;ner^^ ^ ^ s^Te 10« could be simply 

aTweH as stage 1030. --^^ ^ - 
operation, fixed values for power dur^^^^^^^^^^ 
freouencY are programmed into rne mx f 
!rITimply used to generate the vibrational wave 54 
" r another mode of operation, ""-^ 

-, r.-!c=cussed above could be modified so 
> optimization loop ^^--^^^^^^ duration, and 

i-y,at each individual parameter of power, 
ZZ^oy are separately adjusted or are adjusted in 
!^!r^oLinations (only power and duration, or only 
" iratioHnd frequency, or only power and freguency) . 
::ir would permit energy optimization based upon 
■ „ one or a combination of parameters. For 

::^:rt:e -Uc. .^r power, could be selectively 
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ramped to Increase by a fixed amount: during the time 
duration. 

stage 104 0 selects the feedback signal which 
represents the optimum energy savings signal (i.e., 
closes to resonance or perhaps at resonance) . Again, 
a number of different software routines could be 
utilized in stage 1040 to do this comparison and 
optimization. Indeed, it is to be expressly 

understood that rather than changing the parameters of 
power, duration, and frequency by a fixed amount such 
as n percent, stage 1040 could calculate a change 
value which could be directly inputted into stages 
1002, 1004, and 1006. Again, this is a matter of 
design choice and a number of different conventional 
comparison and feedback software routines could be 
utilized under the teachings of the present invention 
without departing from the overall concept of 
vibrating the float 100 and minimize surface tension. 

Stage 1050 is then entered and a decision is made 
as to whether or not the variables of power, duration, 
and frequency are set. If they are not, then the 
initialization process continues. 

In stage 1052 the optimum values as determined in 
stage 104 0 are then selected. Stage 1054 is entered 
and a decision is made as to whether or not the level 
22 of the fluid has changed. If the level has changed 
(indicating that resonance may have changed), then 
stage 1056 is entered and a re- initialization of the 
process described above occurs. This will be 
elaborated on in more detail later. However, it is 
important to recognize that when the fluid level 
changes more than a predetermined amount, then new 
values for power, duration, and frequency may be 
necessary to obtain greatest sufficiency or to most 
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, power, juration, and .regency - , 

predetermined amount, then stage i 

Thtt run sequence m stage J.uou 

is the run sequence. The run q 

° or noriugh Xe.eX ^-ings ^ - « 
^'"^"o: t:TZ\Z rtTerrached, stage XOS. 
irrrenfe'd rthis Xoop continues untiX «.e test 

^ ended at which point the routine xs ex.ted. 

To appreciate the reduction of surra 

e^^ihlLd hy the float XOO of the ^^^"^^^^^ 

bT-ieflv discuss what causes 
■ii- is necessary to brxerxy 

fsu^tce tension. . ----/::rger rsUan: 

,od. - «-t.ro:rrx:ir^^rx:;! since it has. 

rrvLage. equax nu»hers of .oXecu.e on - 
The molecule will have an average trans 

S:etio energy that ^ ^ iri:::^^:^ 

,.„.d and „Mch w.«.n ..^^js^ 

pressure -J^'J^ experiences a 

approaches the surface ^^^^ 

large resultant force d _,„if,sted in the 

30 The existences of this fo molecules 

pneno.snon of surface the fluid and 
are continually being pulled back int 

Lw .olecules are coming out from below to taKe 


places. 

Velocity distribution among the molecules in a 
fluid is such that there are some that approach the 
surface 22 that in spite of the retarding forces and, 
therefore, they escape through the surface and enter 
the vapor. This is evaporation. The number of 
molecules that have sufficient kinetic energy to 
evaporate increases rapidly as the temperature of the 
fluid is raised. 

Conversely, vapor molecules that strike the fluid 
surface 22 enter the fluid, since it immediately 
experiences large forces pulling it into the fluid. 
This is an effect of condensation. At any given vapor 
temperature, the number of molecules striking a 
surface is proportional to the vapor pressure. 

For molecules well inside the fluid, while these 
forces will fluctuate because of thermal agitation, 
they will average out to zero so that the molecule can 
move about in the fluid without doing any net work 
against these forces. However, a molecule near the 
surface of a fluid is subject to a resultant force 
directed back into the fluid. A molecule at the 
surface can thus be considered as having potential 
energy greater than that of a molecule in the interior 
by the work that has been done against this force in 
bringing the molecule from the interior of the fluid 
to the surface. A fluid thus has a surface potential 
energy proportional to its surface area. 

Some of the consequences of surface tension are 
very familiar. It is because of surface tension that 
fluid films and bubbles can exist; that fluid droplets 
assume spherical form; that droplets can »hang» at the 
end of a faucet; that a fluid will ' climb • a capillary 
tube that it wets and be depressed in one that it does 
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not wt. in general a fluid meniscus does 
solid surface horizontally. It is to be -'-^^^ 
the above examples involve surface energxes of a fluxd 
contact with a solid as veil as the surface energy 
in contact with ... „ is these different 

5 of a fluid in contact with axr. I* i= « ^ fields 

surface energies that determine the behavior of fluids 

in contact with solids. 

with respect to flotation. Archimedes, 
relationship states that a fluid acts on. a foreign 
10 body immersed in it with a net ^"''^^ ^''^^ 

vSically upward and egual in magnitude to the weight 
::^:^l^d displaced by the body, .his upward force 

is called — /X^, „.e,s all other 

The surface of a x-luxix ^, 
15 materials, such as a float or a containment vessel, « 
ItnTwith a meniscus. This meniscus is concave if 
t^fl^d wets the container or float walls and convex 
S it does not. This manifests itself also as the 
fLid level witbin the container which may rise or 
f 11 Is a result of all these forces on a floatation 
it is Clear that the flotation device does not 
a^a^' float in its true buoyancy relationship xn a 
TZ\r^ other containment materials. . 
a^ioe may -hang, and be trapped stationary while 
,5 subtle Changes in fluid level are taKen place, eg, 
25 suDti ^ condensation, expansion, 

fluid evaporation, conaei. 

*,>rtion due to temperature changes, or, in the 
"^TZ present invention, the tan^ leaKing -in- 
or to:'. olly after significant changes taKe place 
30 Les the force of gravity -™ Z 

forces of surface tension and the menisc 
ZZ-s edges, will conventional floats respond. The 
!«ect on the float is much liKe a -stepping, of its 
Tlaleme^t as to the surface relationship rather than 


a clean linear inovement:. In this application, this 
stepping iis termed as offset error. Further, if the 
fluid surface should change its direction several 
times over a period of time, the float may become 
hopelessly 'lost' within this hysteresis region of 
surface tension rather than tracking these subtle 
changes as a fact of the behavior of the tank of 
fluid. Conventionally, data from such floats is 
generally unreliable when high resolution is required 
as in storage tanks. 

In the present invention careful design has been 
considered in the shape of the float 100 so as to 
minimize any resultant forces which may trap the float 
100 in the surface tension. Slopping sides and 
corners help reduce this effect. A means to limit the 
•closeness' of the float to other surfaces also 
retards the forces which may tend to undesirably 
impede free movement of the float. In the micro world 
of measurement as the present invention performs, no 
•stepping* or "sticktion* of float movement is 
tolerable. To effectively precision track tank level 
changes, the physics involved with respect to surface 
tension must be specifically addressed, else the true 
tank behavior may be masked. 

A second important characteristic of the improved 
leak detector float of the present invention is the 
vibration or excitation of the float just prior to a 
reading so as to insure that the float is precisely 
aligned with respect to the fluid despite the presence 
of surface tension. 

In Figure 11, the goal of the present invention 
is illustrated to show both features of the present 
invention. The first feature pertains to providing a 
tapered surface 1100 on the float 100 with the fluid 
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20. AS Shown in Figure 11, the tapered surface 1100 
forms an angle 1110 with the surface 22 of the fluxd 
20 This angle 1110, as discussed previously, can be 
of 'any suitable design and the float 100 has a number 
of different angles 1110 around the surface of the 
float and on the interior of the float. As fully 
discussed, the purpose of the angle 1110 is to prov.de 
a divergent surface with respect to the level 22 of 
the fluid 20. This minimizes surface tensxon .n the 
area of the meniscus 1120. As shown in Figure 11, the 
meniscus 1120 is for a situation where the float 100 
is wet (or where the fluid 20 is dropping due to 
temperature decreasing or where fluid is lealcing out) . 

in Figure 11, a reference point 1130 is placed on 
the float 100. The reference point 1130 is necessary 
to explain how the float 100 of the present inventxon 
Obtains. true buoyancy and minimizes otts.^ ^.ro. due 
to surface tension. Ih Figure 11, the float 100 
occupies a vertical position with respect to a 
reference line 1140. For purposes of discussxon, the 
true buoyancy reference line 1140 is based upon the 
specific gravity of the float with respect to the 
fluid. under the presence of surface tensxon, the 
float 100 may occupy a first position with respect to 
the reference line 1140 wherein the reference poxnt 
1130A is above the reference line by a distance 1150 
This position of the float is due to the effects of 
surface tension pushing the float 100 upward^y. - 
holding static above the level 22 of the ^^-^ 

After vibration occurs, the reference poxnt 1130 
is lowered by an amount 1150. While the forces of 
surface tension still exists, the meniscus 1160 xs a 
lot smaller and the float 100 occupies substantially 
a true buoyancy position 1140 based only upon the 


specific gravity of the float and the specific gravity 
of the fluid 20. In short, the upward offset 1150 
caused by the surface tension in meniscus 112 0 is 
substantially eliminated. 

Hence, reference point 113 OA illustrates the 
float 100 lifted upwardly by the forces within the 
surface tension of the fluid 22. After vibration of 
the float 100, position 113 OB represents substantially 
the true buoyancy of the float 100 within the fluid 2 0 
based only upon the specific gravities of the float 
and the fluid. Measurement of the float then occurs 
to determine the level of the fluid. Although 
illustrations in Figure 11 show the meniscus being 
concave, which is indicative of float surface 1100 
being wet or body of fluid decreasing, the same is 
true in the opposite sense where the meniscus may be 
convex due to a non-wetting surface or the body of 
fluid increasing. 

It is to be expressly understood that the claimed 
invention is not to be limited to the description of 
the preferred embodiment but encompasses other 
modifications and alterations within the scope and 
s^pirit of the inventive concept. 
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1. An improved leak detection float system for 
use in. a storage tank (10) containing fluid (20) , said 
float system comprising: 

a float (100) for floating on the surface 

(22) of said fluid (20), 
means (30, 40) disposed vertically in said 

fluid for containing said float in a measurement area 

(23) on said surface, 
means (46, 80, 50) operative upon said 

containing means for producing a vibrational wave (55) 

onto said float, said vibrational wave breaking any 

surface tension existing between said float and said 

fluid to orient said float in said fluid based upon 

the buoyancy of said float in said fluid so as to 

substantially minimize any offset error due to said 

surface tension. 

2 . The improved level detection float system of 
Claim 1 wherein said containing means comprises: 

an elongated hollow test probe (3 0) 
esctending downwardly into said storage tank and into 
said fuel, 

a rod (40) centrally disposed in a lower 
portion (42) of said test probe, said float being 
25 positioned over said rod. 

3 . The improved float system of Claim 2 further 

comprising: 

means (60) located on said rod above said 
producing means in said test probe for sensing the 
3 0 presence of said vibrational waves from said producing 
means, said sensing means generating sensed analog 


20 


vibration wave signals, 

means (80) receptive of said sensed analog 
vibration wave signals for converting said sensed 
analog signals into sensed digital vibrational wave 
signals, 

means (70) receptive of said sensed digital 
vibrational signals from said converting means for 
comparing said sensed digital vibrational signals to 
said produced vibrational waves, said comparing means 
selectively changing said produced vibrational wave 
until resonance is obtained. 

4. The improved float system of Claim 2 wherein 
said float comprises: 

a body (200) , said body having a plurality 
of angled sides so as to minimize surface tension 
between said body and said fluid, said body having a 
formed annular opening through which said rod is 
disposed, said annular opening having angled sides so 
as to minimize surface tension between said formed 
angular opening and said fluid. 

5. The improved float system of Claim 4 wherein 
said float comprises: 

a centering plate (230) affixed in said body 
and centrally positioned within saiid formed annular 
opening, said centering plate having a plurality of 
apexes (232) inwardly directed in said formed annular 
opening and directed towards said rod, said plurality 
of inwardly directed apexes on said centering plate 
preventing said float from contacting the outer 
surface of said rod. 

6. The improved float system of Claim 5 wherein 
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the peripheral shape of said body is: 

formed in a substantial square, the 
peripheral shape of said fomed annular o^^^tn^^J^ 
formed in a substantial square coextensxve wxth saxd 
5 peripheral shape of said body. 

7. The improved leak detecting system of Claim 
4 wherein said float comprises: 

a first set of tapered edges on its upper 
surface of said body which taper outwardly from saxd 

0 Toll at substantially the center of said float and a 
Second set of edges on the bottom of said body whxch 
::rering outwardly at substantially said -nter ^d 
float having predetermined value of -^^^^^^l^^^;'^^^ 
that buoys said float in said fluid to alxgn the level 

,3 Tf saia fuel in the region of said first set of edges. 

8 . The improved float system of Claim 1 wherein 

ciald floa-t comprises: 

a body having a plurality of angled sxde. so 
a. to ^lMl.e .urfaoe tension between said body and 
20 said fluid. 

9 The improved float system of Claim 4 wherein 
said body is formed from a plastic shell having a 
tiollovr interior. 

10. Animprovad leaK detection float system for 
use in an underground storage tanK (XO, conta.n.ng 
fluid (20) , said float system comprxsxng: 

an elongated hollow test probe (30) 
extending downwardly into said underground storage 

tank and into said fluid, 

a microprocessor (70) disposed in an upper 
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compartment (4 6) of said test probe, 

control electronics (8 0) disposed in said 
upper compartment of said test probe and connected to 
said microprocessor, 
5 a rod (4 0) centrally disposed in a lower 

portion (42) of said test probe, 

a float (100) disposed around said rod and 
within said test probe for floating on the surface 
(22) of said fluid, 

10 means (50) located on an upper portion of 

said rod within said test probe between said control 
electronics and said float for producing a vibrational 
wave (55) down said rod, said vibrational wave 
vibrating said rod to break the surface tension 

15 existing between the float and said fluid to orient 
said float in said fluid at a substantial level based 
upon the buoyancy of said float in said fluid, said 
vibrational wave having at least one predetermined 
frequency (Hz) , at least one predetermined power (P) , 

20 and at least one predeteirmined duration (T) , 

said microprocessor containing reference 
frequency, power and duration digital signal values 
corresponding to said at least one predetermined 
frequency, power and duration, said control 

25 electronics receiving said digital signals from said 
microprocessor for converting said digital signals 
into corresponding analog vibrational signals, said 
producing means receptive of said analog signals for 
producing said vibrational wave. 

3 0 11. The improved float system of Claim 1 

further comprising: 

means (60) located on said rod between said 
producing means and said control electronics in said 
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test probe for sensing the presence of said 
vibrational wave from said producing »eans, 
Sensing .eans generating sensed analog vl^rat.on wave 
signals, said control electronics receptive of said 
se!sed analog vibration wave signals for converting 
said sensed analog signals into sensed digital 
vibrational wave signals, saia 

receptive of said sensed digital vibrational signals 
tra. said converting -eans for co-paring the power 
wave shape, and duration to said reference digital 
^rational signals, said microprocessor selectively 
Changing the power, the frequency, and the duration of 
said produced vibrational wave until resonance is 
obtained . 

12. The iirproved float system of Claim 10 

wherein said float comprises: 

a body (200) , said body having a plurality 
of angled sides so as to minimis surface tension 
between said body a.d said fluid, said J^--^ ^ 

formed annular opening (240, 250) through which said 
rod is disposed, said annular opening having angled 
sides so as to minimise surface tension between said 
fomKd angular opening and said fluid, 

a centering plate (230) affixed in said body 
25 and centrally positioned within said formed annular 
opening, said centering plate having a plurality of 
::Sr 232, mwardly directed in said --d -nular 
opening and directed towards said rod, said plurality 
of inwardly directed apexes on said centeri,^ plate 
30 preventing said float from contacting the outer 
surface of said rod. 

13. The improved float system of Claim 12 


20 


wherein the peripheral shape of said body is: 

formed in a substantial square, the 
peripheral shape of said formed annular opening being 
formed in a substantial square coextensive with said 
peripheral shape of said body. 

14 • The improved leak detecting system of Claim 
12 wherein said float comprises: 

a first set of tapered edges on its upper 
surface of said body which taper outwardly from said 
float at substantially the center of said float and a 
second set of edges on the bottom of said body which 
tapering outwardly at substantially said center, said 
float having predetermined value of specific gravity 
that buoys said float in said fluid to align the level 
of said fluid in the region of said first set of 
edges . 

15. An improved leak detection float system for 
use in an underground storage tank (10) containing 
fluid (2 0) , said float system comprising: 

an elongated hollow test probe (30) 
extending downwardly into said underground storage 
tank and into said fluid, 

a rod centrally disposed in a lower portion 
of said test probe, 

a float (100) disposed around said rod and 
within said test probe for floating on the surface 
(22) of said fluid, 

means (50) located on an upper portion (44) 
of said rod within said test probe between said 
control electronics and said float for producing a 
vibrational wave (55) down said rod, said vibrational 
wave vibrating said rod to break the surface tension 
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existing between the float and said fluid ^o orju^^ 
said float in said fluid at a substantxal level based 
upon the buoyancy of said float in said fluid, saxd 
vibrational wave having at least one predetermined 
5 frequency, at least one predetermined power, and at 
least one predetermined duration. 

16. The improved float system of Claim 15 

further comprising: 

means (60) located on said rod above said 
XO producing means in said test probe for sensing the 
presence of said vibrational wave from said producing 
means, said sensing means generating sensed analog 

vibration wave signals, 

means (80) receptive of said sensed analog 
X5 vibration wave signals for converting said sensed 
analog signals into sensed digital vibrational wave 
signals, 

means (70> receptive of said sensed digital 
vibrational signals from said converting means for 
20 comparing the power, wave shape, and duration to said 
predetermined digital vibrational signals, said 
comparing means selectively changing the power, the 
frequency, and the duration of said produced 
vibrational wave until resonance is obtained. 

25 17. The improved float system of Claim 15 

wherein said float comprises: 

a body (200) , said body having a plurality 
of angled sides so as to minimize surface tension 
between said body and said fluid, said body having a 

30 formed annular opening through which said rod is 
disposed, said annular opening having angled sides so 
as to minimize surface tension between said formed 


